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DESCRIPTION 

METHOD FOR DEWATERING WATER-CONTAINING COAL 

5 Field of the Invention 

[0001] The present invention relates to a method for dewatering water- 
containing coal, a method for producing a water slurry of the dewatered coal, 
and a method for producing pulverized coal and briquette. 

10 Background of the Invention 

[0002] Water-containing coal, for example, brown coal has a high water 
content and a number of relatively large pores in its structure. Even if the 
water-containing coal is pulverized and dried for use, the size and the number 
of the pores hardly change. Therefore, the coal which is obtained by drying the 

15 water-containing coal has the risk of oxygen entering the pores during storage 
or transportation of the coal to cause slow oxidization reaction to cause 
spontaneous firing. Therefore, such water-containing coal is utilized in 
extremely limited areas near coalfields under the present circumstances. 
[0003] The methods for dewatering water-containing coal, for example, brown 

20 coal by performing hydrothermal treatment for the coal at a temperature of 250 
to 350°C under a pressure of 4 to 17.2 MPa are tried (see the following non- 
patent documents 1 to 4). It is reported that when the hydrothermal treatment 
is carried out under such a pressure, the brown coal is dewatered and the 
volume of the pores in the coal decreases (see non-patent document 1). 

25 [0004] However, the decrease in the pore volume is not sufficient, and the 
above described problem is not solved sufficiently yet. The mixture (water 
slurry) of the coal, which is dewatered by the above described methods, and 
water requires the water content which is twice to four times as high as that of 
the mixture of ordinary bituminous coal and water in order to obtain about the 

30 same viscosity as that of the mixture of ordinary bituminous coal and water, 
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which is suitable for transportation, and therefore, is not economical. The 
treatment cost of dewatering and ckaining of water accompanying the 
dewatering is high, and therefore, these methods are not put into actual use. 
[0005] non-patent document 1 : "Effect of processing conditions on organics in 
5 wastewater from hydrothermal dewatering of low-rank coal 1 ' by L. Racovalis et 
al., Fuel, vol. 81, pages 1369 to 1378, 2002 

non-patent document 2: "Hydrothermal dewatering of lower rank coals. 

1 . Effects of process conditions on the properties of dried product" by George 
Favas, et al., Fuel, vol. 82, pages 53 to 57, 2003 

10 non-patent document 3 : "Hydrothermal dewatering of lower rank coals. 

2. Effects of coal characteristics for a range of Australian and international 
coals" by George Favas et al., Fuel, vol. 82, pages 59 to 69, 2003 

non-patent document 4: "Hydrothermal dewatering of lower rank coals. 

3. High-concentration slurries from hydrothennally treated lower rank coals" 
15 by George Favas et al., Fuel, vol. 82, pages 71 to 79, 2003 

Summary of the Invention 

[0006] The present invention provides a novel dewatering method capable of 
providing dewatered coal which is inhibited from reabsorbing water after 

20 dewatering and which is inhibited from absorbing oxygen after dewatering. 
Therefore, by the method, a mixture (water slurry) with a proper viscosity and 
a proper water content, which includes water removed from water-containing 
coal and the dewatered coal, dewatered coal which is inhibited from 
spontaneously firing after dewatering, and briquette constituted of a mixture 

25 including the coal and bitumen can be manufactured at low cost. 

[0007] Water-containing coal, for example, brown coal, contains a large 
amount of water. The water is substantially constructed by water which exists 
in pores of the coal structure and water existing by being bonded to the coal 
by a Van der Waals force. The present inventor made a study of efiSciently 

30 removing the water from the water-containing coal and obtaining the products 
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suitable for transportation, for example, a water slurry, pulverized coal and 
briquette of which water contents are reduced to about that of bitaninous coal. 
As a result, the inventor has found out that by heating water-containing coal in 
a sealed vessel under a predetermined pressure at a predetermined temperature 
5 and by applying a predetermined shearing force to the water-containing coal, 
not only water can be efficiently removed from the water-containing coal, but 
also re-absorption of water and absorption of oxygen after dewatering are 
inhibited, and the products suitable for transportation as described above can 
be manufactured at low cost. 
10 [0008] Namely, the present invention is 

(1) a method for dewatering water-containing coal, comprising heating the 
water-containing coal at a temperature of 100°C to 350°C under a pressure not 
less than a saturated steam pressure at the temperature for the heating, while 
applying a shearing force of 0.01 MPa to 20 MPa to the water-containing coal, 

15 in a sealed vessel. 

[0009] According to the present invention, it is considered that water entering 
the pores in water-containing coal structure and water bonded to the coal by a 
Van der Waals force are removed from the water-containing coal, and the pore 
structure included in the water-contained coal is broken. Accordingly, the pore 

20 volume (percentage of void) of the water-containing coal is significantly 
reduced, and re-absorption of water and absorption of oxygen after dewatering 
are inhibited 

[0010] As preferable modes, 

(2) the method according to the above described (1), wherein the shearing 
25 force is applied by a stirring blade provided in the sealed vessel, 

(3) the method according to the above described (1) or (2), wherein the 
temperature for the heating is 150°C to 300°C, 

(4) the method according to any one of the above described (1) to (3), wherein 
the pressure during the heating is not more than the saturated steam pressure at 

30 the temperature for the heating + 0.5 MPa, provided that the pressure does not 
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exceed 17.8 MPa, 

(5) the method according to any one of the above described (1) to (4), wherein 
the shearing force is 0.1 MPa to 10 MPa, 

(6) the method according to any one of the above described (1) to (5), wherein 
5 the heating is conducted in a period of from three minutes to five hours, 

(7) the method according to any one of the above described (1) to (6), wherein 
the water-containing coal is brown coal containing 25 weight% to 85 weight% 
of water, calculated on the basis of the water-containing coal 

can be cited. 
10 [0011] Further, the present invention is 

(8) a method comprising providing a mixture containing water which is 
removed from water-containing coal and coal from which the water is removed 
in a sealed vessel as obtained according to the method as set forth in any one 
of the above described (1) to (7), and subsequently removing water from the 

15 mixture existing in the sealed vessel or adding water to the mixture, to adjust a 
water content in the mixture to 30 weight% to 50 weight%, calculated on the 
basis of the mixture. 
[0012] As a preferable mode, 

(9) the method according to the above described (8), wherein the water content 
20 in the mixture obtained by removing water or adding water is 40 weight% to 

50 weight% 
can be cited. 

[0013] Further, the present invention is 

(10) a method comprising providing a mixture containing water which is 
25 removed from water-containing coal and coal from which the water is removed 

in a sealed vessel as obtained according to the method as set forth in any one 
of the above described (1) to (7), subsequently removing the water from the 
mixture to isolate the coal from which the water was removed. 
[0014] As a preferable mode, 
30 (11) the method according to the above described (10), wherein water is 
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removed from the mixture so that the coal contains not more than 1 5 weight% 
of water, based a total amount of the coal and water, and 

(12) the method according to the above described (11), wherein water is 
removed from the mixture so that the coal substantially does not contain water 

5 can be cited. 

[0015] Further, the present invention is 

(13) a method comprising adding 1 weight% to 25 weight% of bitumen, 
calculated on the basis of dry coal, to the dewatered coal obtained according to 
the method as set forth in any one of the above described (10) to (12). 

10 [0016] As preferable modes, 

(14) the method according to the above described (13), wherein an amount of 
the bitumen is 5 weight% to 20 weight%, based on the dry coal, and 

(15) the method according to the above described (13) or (14), wherein the 
bitumen is natural asphalt, petroleum asphalt or coal tar 

15 can be cited. 

Effect of the Invention 

[0017] The present invention provides a novel method for dewatering which is 
capable of obtaining dewatered coal which is inhibited from reabsorbing water 

20 after dewatering and is inhibited from absorbing oxygen after dewatering. 
Therefore, according to the method, a mixture (water slurry) having proper 
viscosity and water content, which contains water which is removed from 
water-containing coal and the coal from which the water is removed, 
dewatered coal inhibited from spontaneous firing after dewatering and a 

25 briquette constituted of a mixture containing the coal and bitumen can be 
manufactured at low cost. Low-rank coal such as brown coal which is buried in 
large amount but can be used only in the nearby coalfields due to spontaneous 
firing after being dried can be effectively used. 

30 Description of the Preferred Embodiments 
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[0018] In the present invention, the water-containing coal which is subjected 
to dewatering is not particularly limited. For example, low-rank water- 
containing coals such as brown coal, lignite and sub-bituminous coal are cited. 
For the water content of the water-containing coal, calculated on the basis of 

5 the water-containing coal, the upper limit is preferably 85 weight%, more 
preferably 70 weight%, and the lower limit is preferably 25 weight%, more 
preferably 30 weight%, and even more preferably 40 weight%. The brown 
coal with the water content of 40 to 70 weight%, calculated on the basis of the 
water-containing coal, is used particularly preferably. As for the water- 

10 containing coal of which water content exceeds the above described upper 
limit, it is preferable to remove the water therefrom in advance by 
pressurization by, for example, a roll press or the like, before or after the 
following pulverization to bring the water content into the above described 
range. 

15 [0019] The water-containing coal is preferably used by being pulverized into a 
predetermined particle size. As for the particle size, the upper limit is 
preferably 200 meshes, more preferably 150 meshes, and even more preferably 
100 meshes. The lower limit is preferably 3 meshes, more preferably 30 
meshes, and even more preferably 50 meshes. With the particle size of the 

20 water-containing coal of less than the above described lower limit, the coal 
easily sediments when it is converted into a water slurry, and with the particle 
size exceeding the above described upper limit, the viscosity of the water 
slurry increases and extra power is consumed for pulverization. 
[0020] In Hie present invention, the water-containing coal is introduced into a 

25 sealed vessel and dewatered. The sealed vessel should be capable of heating 
the water-containing coal under pressurization and capable of applying a 
shearing force to the water-containing coal. For example, a kneader having a 
screw type stirring blade of a single shaft or a twin shaft, preferably a twin 
shafOt, or, for example, a kneader including a screw used in a so-called screw 

30 feeder for making ground meat or ground fish can be used. The sealed vessel 
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may be of either a batch type or a continuous type. Any continuous type 
sealed vessel, that can continuously cany out loading of the water-containing 
coal and withdrawing of the dewatered coal, and withdrawing of gaseous or 
liquid water while keeping the predetermined conditions of the present 
5 invention, is suitably used. 

[0021] As for the heating temperature, the upper limit is 350°C, preferably 
300°C, and more preferably 250°C, and the lower limit is 100°C, preferably 
150°C, and more preferably 200°C. At the temperature exceeding the above 
described upper limit, the apparatus cost becomes extremely high, and at the 

10 temperature lower than the above described lower limit, the effect of the 
present invention by dewatering cannot be obtained. As for the heating time, 
the upper limit is preferably five hours, more preferably three hours, still more 
preferably one hour, and particularly preferably 30 minutes, and the lower limit 
is preferably 3 minutes, more preferably 5 minutes, and still more preferably 10 

15 minutes. By the heating, heat of preferably 2300 kj at the maximum is given 
per 1 kg of water contained in the water-containing coal. 

[0022] The lower limit of the pressure during heating is the pressure not less 
than saturated steam pressure at the temperature for the heating, preferably the 
pressure not less than the saturated steam pressure at the temperature for the 

20 heating + 0.1 MPa, and more preferably the pressure not less than the saturated 
steam pressure at the temperature for the heating + 0.2 MPa. By keeping the 
pressure, the water removed from the water-containing coal can be kept in the 
liquid state, and therefore, unnecessary latent heat of vaporization does not 
need to be given during dewatering. The upper limit of the pressure is 

25 preferably the saturation steam pressure at the temperature for the heating + 
1.0 MPa, more preferably the saturation steam pressure at the temperature for 
the heating + 0.5 MPa, and still more preferably the saturation steam pressure 
at the temperature for the heating + 0.3 MPa. However, the maximum pressure 
during the heating is preferably the saturation steam pressure at 350°C which is 

30 the maximum value of the temperature for the heating +1.0 MPa (=17.8 MPa). 



The pressure exceeding the upper limit is not preferable, because there is not a 
large difference in the effect, and the apparatus cost becomes higher. The 
pressure during the heating can be adjusted by preferably using an inert gas, 
such as nitrogen and argon, for example, in addition to steam which occurs 
5 from the water-containing coal by heating. 

[0023] A shearing force is applied to the water-containing coal during the 
above described heating in the present invention. The upper limit of the 
shearing force is 20 MPa, preferably 10 MPa, more preferably 5 MPa, and the 
lower limit is 0.01 MPa, preferably 0.1 MPa, and more preferably 1.0 MPa. 

10 With the shearing force exceeding the above described upper limit, the motor 
power load becomes large, and with the shearing force less than the above 
described lower limit, the coal is insufficiently dewatered, and the effect of the 
present invention by the dewatering cannot be obtained. The shearing force is 
applied by the stirring blade provided in the sealed vessel. The shearing force 

15 in the present invention can be obtained as follows. The reference material 
with known viscosity (20°C), for example, Standard LIQUIDS FOR 
CALIBRATING VISCOMETERS (JIS Z8809) of JS100 viscosity 86 mPas, 
JS1400 viscosity 12 Pa-s, and JS160000 viscosity 140 Pa-s made by NIPPON 
GREASE Co., Ltd. are respectively put into, for example, the sealed vessel 

20 shown in Figure 2 (twin-shaft screw type kneader with in-vessel effective 
volume of 8 litters, in-vessel length of 600 mm, vessel long diameter of 160 
mm, vessel short diameter of 100 mm, stirring blade diameter of 96 mm, 13 
stirring blades in total per shaft, with its pitch being 70 mm at the nearest spot 
to the coal supply port, decreasing by 4 mm toward the downstream side in 

25 sequence, and being 22 mm at the nearest spot to the product withdrawing 
port), and at the temperature of 20°C, torque exerted on the rotary shaft is 
measured by rotating the equipped stirring blades at 60 rpm. As for the value 
exceeding 140 Pas in viscosity (20 °C), torque is measured as described above 
by using a mixed solution prepared by mixing kerosene into asphalt (for 

30 example, the mixed solution with the viscosity (20°C) of 6400 Pa-s measured 
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by using a BS type viscometer made by TOKI SANGYO CO., LTD.). In this 
case, the above described measuring solution is poured until the entire stirring 
blades in the sealed vessel are completely immersed in the solution. Torque in 
a vacant state in which the measuring solution is not put into the sealed vessel 
5 is measured (shearing force at this time is set at zero). In this manner, the 
torque of each measuring solution of which viscosity is known is read, and the 
shearing force is obtained from the following formula to obtain relationship 
between the torque and shearing force shown in Fig. 1, for example. 
(Formula 1) 

10 Shearing force (Pa) = [viscosity (Pa-s) x shearing speed (s-l)]/read value of 
torque 

In the above described formula, the shearing speed is expressed by the 
following formula. In the following formula, sin3.5° is the value peculiar to the 
device shown in Fig. 2. The value is obtained from the shape of the stirring 
15 blade, and differs in accordance with the shape of the stirring blade. 
(Formula 2) 

Shearing speed (s-1) ^ 2 x 3.14 x (rotational frequency per second) -f- sin3.5° 
In this manner, from the above described relationship, the shearing force can 
be obtained by measuring torque exerted on the rotary shaft. For example, as 

20 for the sealed vessel shown in Fig. 2, the shearing force can be obtained from 
the relationship shown in Fig. 1. Since the shaft torque of the sealed vessel 
including the stirring blades is peculiar to the apparatus, the torque changes if 
the apparatus is changed. Accordingly, for each apparatus to be used, the 
relationship between the torque and shearing force as shown in Fig. 1 has to be 

25 obtained under the same condition as described above. In this manner, by 
measuring the torque exerted on the rotary shaft, the shearing force can be 
obtained in any apparatus. 

[0024] According to the above described method of the present invention, a 
mixture (water slurry) containing the water removed from the water-containing 
30 coal and the coal from which the water is removed is obtained in the sealed 



vessel after dewatering. The water content of the mixture is determined by the 
water content of the water-containing coal which is used. The mixture can be 
applied to power generation, gasification or the like in the form of a water 
slurry in a remote area by being transported or in the area near the coalfields 

5 without transportation. The water content of the mixture can be increased or 
decreased in accordance with the use form. The water content of the mixture 
is preferably 30 to 50 weight%, calculated on the basis of the mixture, and 
more preferably 40 to 50 weight%. In that concentration, the viscosity (20°C) 
of the mixture can be made preferably 2,000 to 4,000 centipoises (cP=mPa-s), 

10 and more preferably about 1,000 centipoises (cP=mPa-s). Thereby, the water 
slurry suitable for handling such as transportation can be obtained. The 
method for making the concentration of the mixture in the above described 
range is not limited. Preferably, it is carried out by removing water from the 
mixture obtained in the sealed vessel after dewatering or adding water to the 

15 mixture. Water can be withdrawn as steam from the mixture in the sealed 
vessel. Thereby, in one step with the sealed vessel, the water slurry of a 
desired concentration can be produced by using the water contained in the 
water-containing coal, and the apparatus can be simplified. The water 
obtained from the water-containing coal contains a small amount of organic 

20 substances derived from the water-containing coal which is used. This works 
as a surface active agent, and therefore, adding a surface active agent to the 
above described water slurry can be omitted. 

[0025] The water which is removed from the water-containing coal is removed 
from the mixture existing in the sealed vessel, and the coal from which the 

25 water is preferably removed substantially completely can be also obtained. In 
this case, the water content is preferably 0 to 15 weight% with respect to a 
total amount of the coal and the water, and is more preferably 5 to 10 weight %. 
Thereby, the water-containing coal can be made coal having substantially the 
same water content as that of bituminous coal. The coal which is dewatered by 

30 the dewatering method of the present invention is inhibited from spontaneous 
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firing during transportation or storage. By preferably giving the heat of 5100 
kJ at the maximum in total per 1 kg of the water contained in the water- 
containing coal, the coal from which water is substantially completely removed 
can be obtained. 

5 [0026] In the present invention, the dewatered coal which is obtained as 
described above, can be doped with preferably 1 to 25 weight% of bitumen, 
more preferably 5 to 20 weight% of bitumen, calculated on the basis of the dry 
coal. The coal doped with the bitumen can be preferably used in 
manufacturing briquette. As the bitumen, natural asphalt, petroleum asphalt or 
10 coal tar is preferably used. 

[0027] Hereinafter, the present invention will be described in more detail with 
reference to the examples, but the present invention is not limited to these 
examples. 

[0028] The water-containing coal used in the examples is brown coal, which 
15 has the properties in the following Table 1 . 
[0029] (Table 1) 

Brown coal 

Watercontent 58.80 weight% 

Ash content 0.37 weight% 

20 Volatile matter content 22 . 1 8 weight% 

Fixed carbon 18.65 weight% 

Pore volume (percentage of void) 0.81 ml/g 

[0030] The water content, the ash content, the volatile matter content and the 

fixed carbon in the above described Table 1 were measured based on the 
25 Proximate analysis method (JIS M8812). The pore volume was measured by 

the BET method by using the coal (water content of 0%) after dried at 107°C 

for one hour. 

[0031] As for measurement of torque, Yamasaki P-100R Type Rotational 
Torque Meter was used when the torque exceeded 140 kg-cm, and when the 
30 torque is not more than the above described torque value, Yamasaki SS-50R 
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type Rotational Torque Meter was used. 
Example 1 

[0032] As the sealed vessel, the twin-shaft screw type kneader as shown in Fig. 
2 was used. The effective internal volume of the vessel is 8 litters. In Fig. 2, 
5 reference numeral 1 designates a coal supply port, reference numeral 2 
designates a screw, reference numeral 3 designates a valve, reference numeral 
4 designates a steam extracting valve, reference numeral 5 designates an 
asphalt injecting valve, and reference numeral 6 designates a product removing 
valve. The brown coal having the above described properties were previously 
10 pulverized into 30 to 100 meshes. 10 kg of the pulverized brown coal was 
prepared in the vessel. Then, after the pressure inside the vessel was made 0.7 
MPa with a nitrogen gas, heating was started while the screw was rotated to 
adjust the temperature to 170°C. Immediately after the temperature reached 
this temperature, the pressure inside the vessel was adjusted to 1 MPa, and the 
1 5 torque exerted on the stirring shaft was measured, and by using the relationship 
between the torque and shearing force shown in Fig. 1, the shearing force was 
adjusted to 0.1 MPa. The treatment was conducted for an hour with the 
pressure, temperature and shearing force inside the vessel kept at the above 
described values and water was removed from the brown coal. Then, the 
20 vessel was cooled to the ambient temperature and the slurry was taken out. 
The same experiments were carried out with the heating time changed to three 
hours and. five hours. The viscosities (20°C) and the water contents of the 
obtained water slurries were shown in the following Table 2. 
[0033] (Table 2) 

25 Treatment time 1 hour 3 hours 5 hours 

Viscosity (cP) 10,000 3,000 1,000 

Water content (weight%) 32.0 37.0 42.0 

[0034] 

In Table 2, the slurry viscosities were measured by using the BS type 
30 viscometer made by TOKI SANGYO CO., LTD. The water content shows die 
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weight of the water as the slurry medium with respect to the water slurry 
weight. Since it was impossible to measure the water weight as the slurry 
medium, the water content was obtained by assuming that the water content 
was the same as those of the slurry media of the bitiiminous water slurry 
5 having the same viscosity (20 °C). 
Example 2 

[0035] Example 2 was carried out in the same manner as Example 1 except 
that heating was conducted at 200°C under the pressure of 2 MPa for one hour 
and heating was conducted at 250°C under the pressure of 4 MPa for one hour. 
10 The viscosities (20°C) of the obtained water slurries were shown in the 
following Table 3 . 
[0036] (Table 3) 

Treatment temperature 170°C 200°C 250°C 

Viscosity (cP) 10,000 4,000 800 

15 [0037] 

From the result of Example 1, it is found out that with long treatment 
time, the water slurry with low viscosity is obtained. From the result of 
Example 2, it is found out that with the higher treatment temperature, the water 
slurry with lower viscosity is obtained. From the fact that the amount of water 

20 as the medium in the water slurry increased, it is obvious that dewatering of the 
brown coal advanced more as the viscosity of the water slurry reduced. 
[0038] (Comparative Example 1) 

The treatment was carried out similarly to Example 1 except that 
heating was conducted at 250°C under the pressure of 4 MPa for one hour with 

25 the shearing force set at 0.001 MPa. Dewatering the brown coal apparently 
occurred, but when the mixture was left for a while, most of the water, which 
had once removed from the brown coal, entered the brown coal again, and the 
slurry did not have the suitable properties. 
Example 3 

30 [0039] The single-shaft pressing/heating type kneading device having the 



stirring blade described in Japanese Patent Application Laid-open No. 2000- 
169274 was used. The brown coal shown in Table 1 was pulverized into 30 to 
100 meshes. 15 kg of the pulverized brown coal was supplied in the tank of 
the device. Then, after the pressure inside the tank was made 0.7 MPa with a 
5 nitrogen gas, heating was started with the screw rotated, and the temperature 
was adjusted to 170°C. Immediately after the temperature reached this 
temperature, the pressure inside the tank was adjusted to 1 MPa, and the 
torque exerted on the stirring shaft was measured, and by using the relationship 
between the torque and shearing force prepared in advance, the shearing force 

10 was adjusted to 1 MPa. The treatment was conducted for an hour with the 
pressure, temperature and shearing force inside the tank kept at the above 
described values, and water was removed from the brown coal. Then, the tank 
was cooled to the ambient temperature and the water slurry was taken out. 
The viscosity (20°C) of the obtained water slurry was 900 centipoises 

15 (cP=mPa-s). The water content was 44 weight% as a result of assuming it 
from the water content as the slurry medium of the bilximinous coal water 
slurry having the same viscosity (20°C) as the obtained water slurry as in 
Example 1. 
Example 4 

20 [0040] Similarly to Example 3, the pulverized brown coal was prepared in the 
tank of the above described device. Then, after the pressure inside the tank 
was made about 0.79 MPa with a nitrogen gas, heating was conducted while 
the shearing force of 1 MPa was applied by rotating the screw, and the 
temperature was caused to reach 170°C. During the heating, the pressure 

25 inside the tank was adjusted to about 0.79 MPa (the saturated steam pressure 
at 170°C) by properly opening the steam withdrawing valve which was 
mounted to the upper portion of the tank. After the temperature reached 170°C, 
steam was removed by continuously opening the steam withdrawing valve 
while the above described temperature and pressure were kept. After one hour 

30 from the start of the above described operation, all the water remaining in the 
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vessel was evaporated by fully opening the steam withdrawing valve while the 
temperature was kept at 170°C. The properties of the brown coal after the 
water was removed therefrom are shown in Table 4. 
[0041] (Table 4) 

5 Water content 8.47 weight% 

Ash content 1.11 weight% 

Volatile matter content 46.12 weight% 

Fixed carbon 44.30 weight% 

Pore volume (percentage of void) 0.26 ml/g 

10 [0042] The water content in the brown coal was able to be significantly 
reduced by the above described treatment. It is found out that the pore volume 
was able to be significantly reduced in addition. Thereby, the favorable dry 
coal in which spontaneous firing can be inhibited and the water removed from 
the brown coal does not enter the pores of the brown coal again was obtained. 
15 Example 5 

[0043] Example 5 was carried out in the same manner as in Example 4, water 
was removed from the brown coal and the water was evaporated. Next, with 
the temperature kept at 170°C, 10 weight% of petroleum asphalt, calculated on 
the basis of the dry coal was injected into the vessel via the asphalt injecting 

20 valve provided at the downstream side of the tank. Then, after the screw was 
rotated to mix the content for 15 minutes, the mixture of the dewatered brown 
coal and the petroleum asphalt was removed from the product removing valve. 
Then, the mixture was conveyed to the compression molding machine to 
produce briquette. The hardness of the briquette was 60 weight% in tumble 

25 strength (JIS K2151, 6.2), and the briquette had substantially the same 
hardness as the briquette produced from bituminous coal. 

Brief Description of the Drawings 

[0044] [Figure 1] Figure 1 is a diagram showing relationship between torque 
30 and a shearing force in a kneader shown in Figure 2. 
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[0045] [Figure 2] Figure 2 is an electrical heating twin-shaft screw type 
kneader used in the examples. 

Industrial Applicability 
5 [0046] According to the present invention, the mixture (water slurry) which 
has proper viscosity and water content, and contains water removed from the 
water-containing coal and the dewatered coal, the dewatered coal inhibited 
from spontaneously firing after dewatering, and the briquette constituted of the 
mixture of the coal and bitumen can be produced. 



